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LASER WITH WIDE OPERATING TEMPERATURE RANGE 



DESCRIPTION 



Technical field 

fs$brr& — IhvenLiuii — rel atca to r 



Je- 



well lasers 



rsirig a reflection means external to 



Technological background 

JVt ^ il- m A.i.F. 71 r i — i&&tted — j-Q — SDT, deprr i hfi^--aCT 
example of a laser shown in figure 2 of this patent 
comprising a quantic well laser 26 with an .Output 
mirror 27 outputting into an optical fiber This 
type of laser is used in telecommunications to pump an 
amplifier outputting into a transmission line. 
According to the invention described/In the SDL patent, 
the fiber 32 comprises a fiber B^agg network 34 with 
the function of reflecting part/of the light emitted by 
the laser 26 back to the lase*f 26. This patent (column 
2, lines 37-45) describes ynow the optical spectrum of 
the emitting laser diocter is affected if the center of 
the reflection band o£ the fiber Bragg network is in 
the laser gain bar^Q. The exact effect depends on 
parameters such / as the value of the reflection 
coefficient and^band width of the fiber Bragg network, 
the central y&avelength of the network with respect to 
the laser/ the value of the optical distance between 
the lase/ and the network, and the value of the current 

j_ XT, j Q C t jC d 
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i ^/ i @j>Q3ag .i t i 3ni» " Q ' f the Bragg n 
within a 10 nm band around the laser wavelength ax^T the 
value of the reflection coefficient of the n^work 34 
is similar to the value of the output f^ce 27 from 
laser 26. In the preferred embodimep>£7S the width of 
the band reflected by the network J^and/its reflection 
coefficient are such that [ the/^r^eturn into the laser 
cavity due to the output J^^e is greater than the 
return due to the nej^ork 34. Consequently, the 
network 34 acts lifee a disturbance to the emission 
spectrum of lase^ diode 26, which has the effect of 
widening the ^mission band and thus making the diode 
less sensijnve to disturbances caused by temperature 
flfegnu^b 1 "ill j' ^liL^d ^Lii lT'^l l L'! ^ . 



A to -uidui to u bLain LliU — Hdqui - LeJ el lee L, w 

/cZl _ ^ • 

preferred embodiment the network 34 hag^aT^re flection 

peak that is located 1 or 2 nj&^&fom the wavelength of 
the diode, a ref lectiiii^Soef f icient of 3% which, taking 
account of cqy^rTing between the network and the diode, 
produc^a^a return coefficient to the diode-^equal to 
1- 



30 



describes a pumping laser 13 for an amplif ier^rfer 12 
also used to make optical transmissions^^lliis laser 12 
is stabilized to prevent f lucty^tfions in the emitted 
wavelengths caused by n^^site reflections from the 
amplifier laser 12 bg^means of a fiber network 14. The 
inventors haj^e^ound that the pumping laser 13 is 
stable i^the reflection coefficient from the network 
3r4-**^ ^ weeir- 5 a i m 43 QD. ' f 
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« ^X ' jg ) GqpjnTTCT'i'tgs^ '■ o b fi r iT Tu i nod out by tho '- app - l - i - c 
shown that the use of lasers stabilized using^fiber 
network can have a good influence on J^*§ operating 
stability of the laser and particularly on the 
stability of the emitted wavel^rigth, but only within 
certain limits. In partieGlar , the use of lasers 
stabilized as described/in each of the two patents 
mentioned above cajrfriot produce a laser capable of 
operating within/ci temperature range varying from -2 0°C 
to + 70°C jf€ currently required by most users 
Tia^ge ftff^th ere is a ri ^ ^Iui i " ^ i i !i i ^ " a l J»a*^ ^ 



Brief description of the invention 

A Efe 1 ^ iiiveuLiuii i L' uluLbiiD Lu a mu ui itiG well laser i Ld j jfcp » 
15 the lasers described in the two documents menjsrfoned 
above, but which is capable of operatin^^etflthout any 
particular precautions within a i^mperature range 
between two limiting temperatures defining a range of 
about 100° , and particul^iy within the temperature 
20 range from -20°C andv*70°C. However, it should be 
understood that Donating between -20°C and +70°C is 
not the same t^mg as widening the operating band in 
order to c^^ve a band with an output wavelength 
independent of reasonable fluctuations in the operating 
2 5 temperature, for example within a temperature range 
fluctuating by 5 to 6° about a nominal operating 



mJ ^g- in prior art) the Mwcntion ustis a quanti 
— with — a — i^&e^ — ravLty formed bv 
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- Howevei 1 , the ■ i mnjiiLluii ±h dill 
in one important respect. The inventors have obs 
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b e- Wecn a orcf lcct - i - on - 1 " ■ lace and an output faoo wibhjy 
reflection coefficient , 

- means of coupling the/laser outpytt^an optical 
fiber, / ^^ ^^ 

- the optical fiber viith^^iber network returning 
a fraction of tha^T^^it received from the laser 
through th^^iber, to the laser cavity through 
■u' u a p 'l' dtf ^.aaeaafrg'T 

■ *p3? - i - ®r arty 

that, at a given temperature, the gain curve f^r the 
cavity as a function of the wavelength, has a/positive 
slope in the direction of increasing wavelengths , is 
maximum at a wavelength X^, and then/has a negative 
slope. The slope coefficient of the/positive slope is 
much smaller than the slope coefficient after the 
maximum. By observing the maimer in which the gain 
curve deforms as a function/of the temperature, they 
found that, for example for a laser operating at 980 run 
at 2 5°C, the maximum shifted between 966 at -2 0°C and 
about 995 nm at/ 70°C. The displacement is 

approximately linear with a coefficient of about 0.3 nm 
per degree. Bor the system to operate over a wide 
temperature sange, it is necessary that the condition 
under whicbr the cavity gain is equal to cavity losses 
is satisfied for the wavelength of the fiber Bragg 
networl/ over the entire temperature range, despite 
def omations to the cavity gain curve as a function of 
th<^wavelength caused by temperature variations. The 
j^r eiiLuis found tha - t thirr , rnnrli Mou uu n b u ^aLl^ri cd 



SP 16774 GB 



10 



15 



20 



25 



<fefe e- V c tluU u£ Lhy — rdfleLliuti — wavolongth — of tho — - fi^g^ 

network at the median temperature is at 10 nm 

less than the value of the J**a^lengt£^^ for which the 
cavity gain is maximum. /in prke^T^e, the amount to be 
provided should be 15 plk^^r/minus 5 nm. The fact of 
using a value of th^^waVe^ength equal to about 15 nm 
before this max^fffum means that the threshold condition 
at which tj#e^ ?ain is equal to losses can be satisfied 
€ wide temperature range, at the network 
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device comprising 
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' yj the irwciiLiuii i^latcn to an opti 
ing : 

- a quantic well laser with a laser cavity J 
by a laser medium between a reflection /ace and 
an output face reflecting part of^/the light 
energy to the cavity, the curve regJresenting the 
gain of the cavity as a function of the 
wavelength having a positive slope for 
increasing wavelengths, /a maximum for a 
wavelength X MX and then a/negative slope, 

- means of coupling the ylaser output to an optical 
fiber, the optical /iber having a fiber network 
defining a coefficient of a reflection peak for 
a wavelength ?i/£nd reflecting a fraction of the 
light receive© from the laser through the fiber, 
to the lasA- cavity through coupling means, 

- device Characterized in that the value of the 
wavelength X defining the reflection peak of the 
fibe£ Bragg network is less than the value of 
^e^wajJ^Q ^L l i /V ruax by at leasl 10 naiiT 
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cavity returning f rom the jEJ Jaa^ Tr euwork is greater than 
the ^gfiesrgy recexved in return through the laser output 

5 .' This — functional — i liaiac to r i ao^^ aa may b^ — e+ttx i f'i-bidy 

by a structural characterization defining a rat^ro 
relating the coefficients of the laser output fac^r and 
the network reflection coefficient. The producer of the 
reflection coefficient for the fiber netwo^K and the 

10 square of the loss coefficient due to coupling between 
the fiber and the laser must be greater than the 
reflection coefficient at the cavity output face. In 
this way, the energy received in ^return from the fiber 
network can no longer be Considered as being a 

15 disturbance widening the output optical spectrum. The 
value of the wavelength/ reflected by the network 
determines the value ojL the laser output wavelength. 
In a known manner, /the value of the wavelength X 
reflected by the fibber network varies with temperature 

20 much less than ^he cavity. The result is that with 
this configuration, the optical system formed by the 
laser, the ttber and the coupling means is capable of 
operating Xrtiile remaining less dependent on local 
temperatijfre variations. In one embodiment of the 

25 invention, the value of the network reflection 
coefMcient is more than ten times greater than the 



Brief description of the drawings 
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An example embodiment of the invention will now be 
commented upon and explained using the attached 
drawings in which: 

- figure 1 is a diagram representing an embodiment 
5 of the invention. 

- Figure 2 is a set of three pairs of curves, each 
pair representing the gain and losses of the 
laser cavity. The pair of curves A represents 
the gain and losses of the laser cavity at 25°C, 

10 and the pair of curves B and C represent the 

gain and losses of the laser cavity at 70°C and 
-25°C respectively. 

Description and comments for one embodiment 

15 ^^ ^grcre — i — dldy x aiiluiatiL a ll^ 1 i J i u wu a — — ravi ty ^ 
laid out in a manner known per se such that ythe 
direction of the emitted laser beam is cont^led by 
focusing optical means 2 into an optical fiber 5 
comprising a fiber network 6 in a kp*dwn manner. The 

2 0 laser 1 may be composed of a la^f diode comprising an 
epitaxied quantic well structure, in a known manner as 
described for example in^ie patent mentioned above US- 
A-5 715 263, or an I^daAs semiconducting medium between 
a reflecting m^ror 8 and an output face 9 with a 

25 reflection jg^f f icient that is very low compared with 
the reflection coefficient of the mirror 8. The laser 
-li gyiLy is foiiued ' bctwoon mirroro 8 and 9 r 

The optical focusing means are composed of a first 
collimation lens 3 followed by a focusing lens 4 that 
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focuses light towards the center of the fiber 5, in a 
known manner. 



now be explained and commented upon in relation to Jflie 
curves in figure 2. Part A in the figure show/ the 
curve 10 representing the gain of the laser cavity as a 
function of the wavelength, and curve 11 represents the 
losses of the same cavity as a function of the 
wavelength. The laser can only operate/ if losses are 
lower than the gain. In the case of/the device shown 
in figure 1, the value of the ref Lection coefficients 
from the cavity output face 9 a^fd the network 6 are 
such that this only occurs for tiffie wavelength X that is 
the reflection wavelength of /the network 6. This is 
due to the fact that the quantity of light reflected by 
the network is greater JQian the quantity of light 
reflected by the output /race 9. In the case shown in 
figure 1, the value oA the reflection coefficient of 
the output face 9 is/ typically 0.1% whereas the value 
of the reflection/ coefficient of the network 6 is 
typically of the /order of 1%, and in any case remains 
less than or equ&l to 5%. With this method of choosing 
the relative /Values of reflection coefficients, the 
emission frequency of the laser within the range 
authorized / by the medium is determined by the 
reflection! wavelength of the network. As described 
above, t/ie result is very good operating stability. We 
will c/nsider deformations of curves 10 and 11 when the 
temperature varies . The curves in part A represent 
^50^ Thre — srarrre — curves — 19 — and — ±± w4±nd 
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!!> h ffi Wi i M i m ' v i i L ' l ii I Pi nnrl H , n , n f i gurr 7\ frr 1~^mp Q i7 Rfn-y^ 
values equal to +70°C and -20°C respectively. /he 
first noticeable fact is that there is practical^/ no 
deformation in curve 11 representing losses, 3/nd all 
5 that happens is that the value of A, is / slightly 
shifted. The gains curve 10 shows a sma/l positive 
slope for small values of the wavelength/ and is then 
equal to a maximum, and then has a /steep negative 
slope. This is satisfied fojs — t±ie ttoree temperatures 

10 shown. It can be sfeen tjiat f or increasing 

temperatures, the maximuy shif ts jpy a r^atively large 
amount towards increasing values/jor the wavelength, and 
that the maximum increases w^n temperature such, that 
the length of the line witfr^i positive slope increases. 

15 The inventors chose a /value of the reflection 
wavelength X of the net/ork 6 at the required median 
operating temperature , /equal to about 13 nm less than 
the value of the wavelength at the maximum on the gain 
curve 10 at the sarnie temperature. In this case, the 

20 required operating range is -20°C to +70°C. Therefore, 
the median temperature of this range is 25°C. With 
this choice yas shown in part B, there is still a 
possible an£ stable operating point for the value of 
the reflection wavelength X of the network 6 at the 

25 maximum /temperature in the range. Similarly at -20°C, 
the mLnimum temperature in the range and shown in part 
*C in/figure 2, there is still an operating point at the 
maximum on curve 10 located at a value of the 
\ irtr'TTTn 1 1 1 1 1 1 rlriTH- r.n thf yrflprf inn waa i i Auiiu lib A, ul Llle 
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H^efe^i Lk 0 at this tem per ature. Tlmj* t j .4i'^ — l - a^e r ■■ opc:i?Q^cr^ 
woll wd^tod - n — ■ t - ho »' rocft> iLL)Q d i1 ■ tK^p Q araturo- - !gQrFrgo ». 

Obviously, the laser according to the invention 
may be used for the same purposes as described in prior 
art as mentioned above, and particularly to pump a 
power laser composed of a fiber doped with erbium. 
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